
Screening Day-Old Blood Specimens
for Hyperglycemia

LEONARD A. DOBRICK, B.S.

WITH the improved control of communi¬
cable diseases in the United States, medi¬

cal and health organizations have increasingly
focused their attention on the dontrol and cur-

tailment of chronic malfunctions. Among
these is diabetes mellitus.
Early diagnosis and management of diabetes

improve prognosis, and therefore, means for its
early discovery are highly desirable. Through
various promotional and educational measures,
people are encouraged to submit voluntarily to
blood sugar testing in mass screening programs
designed to detect hyperglycemic individuals
within a population. In these programs, on

the thesis that individuals with elevated blood
sugar are prone to diabetes, persons whose blood
sugar exceeds a prescribed level are referred to
their physicians for study and diagnosis.
"Positive" cases so disclosed have yielded a

number of previously unknown diabetics. Dia¬
betes screening, consequently, has gained stead¬
ily in favor as a valuable adjunct to public
health programs.
The effectiveness of this kind of mass screen¬

ing has unfortunately been limited by lack of
public participation. A steady flow of
screenees, preferably large in number, is desir¬
able if not essential for the success of such a

program. Therefore, a means of screening
which would be independent of the public's
whim to participate would have its advantages.
Blood specimens received by public health

laboratories for serologic testing for syphilis
Mr. Dobrick is a chemist in the bureau of labora¬
tories, Milwaukee Health Department, Milwaukee,
Wis.

offer a readily available source of material for
testing for hyperglycemia. In Milwaukee a

substantial number of these specimens are ap¬
proximately 24 hours old when tested in the
health department laboratories.
Procedures for concurrent screening for both

sugar and syphilis have relied on procuring
dual specimens or have involved special sero¬

logic techniques because of added preservatives
(1$). Since diagnostic laboratories as a rule
have little control over the manner in which
specimens are drawn, dual sampling is often
impracticable, and special techniques may
prove unacceptable over established methods.
This paper describes studies carried out in

the Milwaukee Health Department on the
possibility of using day-old serologic blood
specimens, as ordinarily received by the labora¬
tories, for mass sugar testing. Because such
specimens are submitted without a preservative,
glycolysis would preclude screening at conven¬

tional levels of 130 mg./lOO ml. and above.
The investigation purports to demonstrate that,
by lowering the screening level, day-old blood
specimens, despite glycolysis, can be utilized
to help differentiate normal from hypergly¬
cemic persons.

Materials and Methods

For convenience, blood specimens were ob¬
tained solely from the health department's
medical clinic, which routinely examines pro¬
spective civil service employees, food handlers,
bartenders, persons requesting eugenic exami¬
nations, and others. Only preemployment
candidates, however, were selected for this in-
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vestigation because they were more readily
available for followup.
In order to duplicate as nearly as possible

the manner in which blood specimens are

ordinarily procured and handled, specimens re¬

ceived no special treatment, and no special
techniques were employed in processing them.
Five to eight milliliters of venous blood, drawn
at random hours after screenees had eaten, were
transferred to a glass vial containing neither
preservative nor anticoagulant. At the end of
the day the specimens were placed in a re-

frigerator. On the following morning syphilis
serology was performed on a portion of each
specimen. The remainder was screened at a

predetermined glucose level by an enzymatic
method developed by the author (3). Screen¬
ing, consequently, was carried out 22 to 30
hours after blood specimens were drawn. For
periods of one-third to one-half of this time
they were kept at room temperature, which
varied seasonally from 70° to 90° F. During
the remaining time they were kept in the re-

frigerator at 40° F.
Because of the lapse of time between drawing

and screening specimens, glycolysis had to be
considered in determining the screening level
to be used. An earlier study by our labora¬
tories had indicated that, whereas the blood
sugar of hyperglycemic individuals still ex¬

ceeded 100 mg./lOO ml. after 24 hours, that of
normal individuals almost invariably dropped
below this figure. Therefore, the screening
Table 1. Percentage distribution of population

screened for hyperglycemia, according to age
and sex, Milwaukee, Wis., September 1958-
August 1959

Age (years)

20 and under__.
21-30_
31-40_
41-50_
Over50_

Total.

Project 1l

Male

1.6
34.8
6.4
2.6
1.8

47.2

Fe¬
male

4.5
23.3
12.7
9.8
2.5

52.8

Total

6. 1
58. 1
19. 1
12.4
4.3

100.0

Project 2 2

Male

2. 1
38.3
15.9
10.9
1.9

69. 1

Fe¬
male

3.8
14.8
5.2
4. 1
3.0

30.9

Total

5.9
53. 1
21. 1
15.0
4.9

100.0

1 1,004 screenees; screening level 100 mg./lOO ml
21,002 screenees; screening level 85 mg./lOO ml.

Percentage of screenees positive at various
screening levels, and yield and distribution of
hyperglycemic cases, Milwaukee Health Depart¬
ment, Milwaukee, Wis.
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Project No.l I.| Project No.2
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Screening levels, mg./lOO ml.

115 130

1.31.3 1.1 1.6 1.3 1.21.1
Ratio, positive screenees per-hyperglycemic case

? POSITIVE SCREENEES (Retest load)
TOTAL HYPERGLYCEMIC CASES .

F^^ ^^_ Ne|$on
H Postprandial sugar, mg./l00 ml. 150 -179 or 130 -159
¦ Postprandial sugar, mg./ 100ml. 180-209 or 160-189
W Postprandial Sugar, mg./l00 ml. 210 and over or 190 and over

level for the present study was set initially
at 100 mg./lOO ml. However, results later
indicated that a lower level might prove
more effective in finding hyperglycemic cases.

Consequently, the first study (project 1)
of this report covers a period of 7 months,
September 1958-March 1959, during which
1,004 specimens were screened at 100 mg./lOO
ml. The second (project 2) extends over a

period of 5 months, April-August 1959, during
which an additional 1,002 specimens were

screened at 85 mg./lOO ml.
The age of screenees ranged from 17 to 65

years. More than half the population of both
projects were less than 31 years old (table 1).
However, 5 percent more screenees in project 2
than in project 1 were above 30 years of age
and 3 percent more were above 40 years.
Whereas male and female subjects were quite
evenly divided in the first project, more than
twice as many men as women were screened in
the second.

Blood specimens which exceeded prescribed
screening levels were designated as positive.
The amount of glucose in positive specimens
was established quantitatively by the Somogyi-
Nelson method whenever sufficient serum was

available.
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To determine the relationship between posi- was nearly tripled; 78, or 7.8 percent, were posi¬
tive screenees and true hyperglycemics, indi- tive. Eighty percent of the positive screenees
viduals screening positive were recalled and in project 1 and 85 percent of those in project 2
given a modified glucose tolerance test, usually returned for glucose tolerance tests. Eighteen
on both a fasting and a postprandial blood persons in project 1 and 42 in project 2 had
specimen. The postprandial sample was taken above-normal postprandial blood sugar. Ex-
1 hour after oral administration of 100 gm. of trapolation of these data to full retest loads
glucose. Glucose feeding was omitted, how- indicated that if all positive screenees had been
ever, when fasting blood sugar exceeded 200 retested, 20 hyperglycemic cases would have
mg./lOO ml. The blood sugar level of each been the likely yield in the first project and 50
person retested was determined immediately by in the second. The ratio of positive screenees
both the Folin-Wu and Somogyi-Nelson to hyperglycemic cases was 1.3 to 1 for project

methods. 1 and 1.6 to 1 for project 2. The yield of
Whereas it has been established that post- hyperglycemic cases, their apportionment

prandial blood is more reliable than fasting among three blood sugar groups, and the retest
blood for detecting hyperglycemic individuals loads are shown in table 2.
(4,5), our results are evaluated on the basis of Depending upon the degree of blood sugar
the 1-hour postprandial blood sugar test. Ee- elevation, hyperglycemic cases were divided
tested persons whose blood sugar exceeded 150 into the following groups:
mg./lOO ml. by the Folin-Wu or 130 mg./lOO ml. p 7. « 0

, ,, d . xtin-., , Fohn-Wu Somogyi-Nelsonby the bomogyi-Nelson method were regarded methodmethod
as hyperglycemic. Such criteria represent a GrouP (mg./l00ml.) (mg./iooml.)
composite of values which have been generally A- 150-179 130-159

recognized as indicative of hyperglycemia cYYYYYYYYYYYYYYYYY SStndover \ltlnd over
(5-9). No attempt was made to diagnose
clinically any hyperglycemic cases found. Statistics compiled by the Public Health

Service (4) from data on conventional screen¬

ing indicate the mean specificity ratings of
these groups as 95.0, 99.7, and 100 percent, re-

In the first project the 27 persons, 2.7 percent, spectively. In other words, whereas approxi-
who failed the screening test constituted the re- mately 5.0 percent of true nondiabetics may
test load. In the second project the retest load still turn up in group A, only 0.3 percent are

Table 2. Classification of positive screenees, according to 1-hour postprandial blood sugar level,
Milwaukee Health Department, Milwaukee, Wis.

1 Milligrams per 100 ml. of blood.
2 Screening level, 100 mg./lOO ml.

3 Screening level, 85 mg./lOO ml.
4 To total retest load.
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likely to appear in group B, and none in group
C.
In the present study 78 percent of the hyper¬

glycemic cases found by screening at the 100
mg./lOO ml. level fell into the high specificity
groups B and C, compared with 64 percent at
the 85 mg./lOO ml. level. Whereas 10 out of
13 positive screenees in the first project had
above-normal postprandial sugar, only 10 out
of 16 in the second project fell within this
category. Although a more favorable relation¬
ship between positive screenees and hyper¬
glycemic cases was found at the higher screen¬

ing level, the overall yield of hyperglycemics
was far greater at the lower level. Con¬
sequently, while chances of retesting true nor-

mals were reduced at the higher screening level,
the chances of missing hyperglycemic cases were

greatly increased.
Inasmuch as the blood sugar of nearly all

persons screening positive was confirmed quan¬
titatively, screening performance could be
evaluated at levels higher than those described.
Eesults of screening at levels ranging from 85
to 130 mg. per 100 ml. are presented in the
chart, which permits comparisons within, as

well as between, the two populations studied.
For comparison the yields of hyperglycemic
cases have been extrapolated to full retest loads.
The chart clearly illustrates that, as the screen¬

ing level is elevated, the greater the certainty
that the retest load will consist entirely of hy¬
perglycemic cases, but only at considerable
sacrifice to the yields obtained. Thus, when
the screening level was raised from 100 to 130
mg. per 100 ml., losses were 37 percent in the
first project and 56 percent in the second. The
most pronounced loss, however, occurred be¬
tween the 85 and 100 mg. levels in project 2.
Here alone the yield of hyperglycemic cases
was reduced by 40 percent.

Discussion

The Milwaukee Health Department receives
approximately 50,000 blood specimens annually
for syphilis serology. About one-half of these
specimens are 1 day old when examined. The
remainder are 48 to 72 hours old and, there¬
fore, have not been considered in this study.
It is estimated that in a community such as Mil¬

waukee between 20,000 and 25,000 individuals
could be screened annually for hyperglycemia
by the method proposed in this report.
The specimens ordinarily received for syphi¬

lis serology probably would represent a fairer
cross section of the adult population of the
city than the specimens from the prospective
civil service employees screened in this investi¬
gation, which represent only about one-tenth
of the day-old specimens examined in the health
department laboratory.
Even though confined solely to preemploy-

ment candidates, the populations of the study
projects differed in age and sex distribution.
Despite these differences, at any given screen¬

ing level, the ratio of positive screenees to
hyperglycemic cases was practically identical
in both projects (chart). This suggests that
under routine screening this factor would be
independent of variances in the populations.
Therefore, the ratios found in any screening
program probably would be substantially the
same as those determined in this study. It is
also significant that the relationship between
positive screenees and hyperglycemic cases at
any given screening level remained unchanged
despite the seasonal temperature differences
under which the projects were executed. Con-
trary to what might have been expected, in
view of glycolysis, the number of positive
screenees as well as the yield of hyperglycemic
cases was actually greater during the warm

spring and summer months, when project 2 was
carried out, than during the cooler fail and
winter months of project 1. Seasonal tempera¬
ture variations to which blood specimens may
be subjected apparently would not preclude
year-round screening.
Although the actual number of cases of dia¬

betes among the screenees remains undeter-
mined, results show that a significant number
of persons with postprandial hyperglycemia
can be detected by screening ordinary day-old
serologic blood specimens. There can be little
doubt that examination of these specimens can

pinpoint individuals who warrant further study
by their physicians. Eesults of this study
demonstrate that such cases can be ascertained
without excessively high retest loads.
For screening day-old blood with the great¬

est assurance that positive screenees are likely
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to be diabetic, screening levels between 100
and 130 mg. per 100 ml. are suggested. If,
however, one is chiefly concerned with ascer-
taining the greatest number of suspected dia-
betics, including those with blood sugar only
slightly above normal, screening levels between
85 and 100 mg. per 100 ml. are recommended.
Wilkerson (6,10) points out that future diabet-
ics are to be found in the borderline group.
His findings disclose that "persons with ...

blood sugar levels 'a little higher than normal'
develop diabetes eight times oftener than those
with normal blood sugar levels . . ."
The screening of day-old serologic blood

specimens affords the public health officer an-
other approach to detection of hyperglycemia
on a broad basis. Because they are readily
available in relatively large numbers, such
specimens lend themselves well to this type
of program.

Summary

The use of ordinary day-old serologic speci-
mens of blood for mass screening has been
proposed as a means of detecting hyperglyce-
mia. In Milwaukee, Wis., serologic blood
specimens from two study populations, each
numbering approximately 1,000, were tested at
levels ranging from 85 to 130 mg. per 100 ml.
Results demonstrated that by lowering the
screening levels below those conventionally em-
ployed, such specimens can be utilized to dif-
ferentiate the normal from the hyperglycemic
individual. The use of these specimens in a

diabetes screening program appears to be both
practical and feasible.
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Poison Prevention Week

The third week of March each year, beginning March 18, 1962, will
be Poison Prevention Week, by act of Congress, approved by President
Kennedy.

Materials for supporting the program, with sponsors in industry,
government, and the health professions, may be obtained from Henry
L. Verhulst, secretary, Steering Committee for National Poison Pre-
vention Week, National Clearinghouse for Poison Control Centers,
Public Health Service, U.S. Department of Health, Education, and
Welfare, Washington 25, D.C.
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